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agglutinin remains present for the duration 
of infection. Of 7 monkeys ( M .  philippinen- 
sis) infected with S.  japonicunz 4 5  years 
previously, which still had active infections 
as demonstrated by positive stool examina- 
tions, only 3 showed agglutinins in a titer of 
1 '128-1 160. The others were negative. I t  
is. of course. possible that the different species 
of parasites (S. japonirum instead of S .  
W Z Q H R I T Z ~ )  is responsible for these negative 
tests, but in view of the overlap of the re- 
action with the trichina infection this is un- 
likely as an explanation. Six normal mon- 
keys have given negative results. 

Discussion. The agglutinin reaction here 
reported differs from the formation of a 
precipitate around the cercariae of Schisto- 
soma manson:', in that a heat labile factor. 
possibly complement is necessary for the 
precipitate reaction(4). I t  may, however, 
have some basic similarity to the reaction 
reported by LToogel and Minning(6) in which 
a sharply defined homogeneous membrane is 
formed around the individual cercariae when 
put in either fresh or inactivated sera. U'e, 
however, have not observed any membrane 
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formation during our tests for agglutination. 
The  cross reaction between trichinosis and 
schistosomiasis was not unexpected for we 
had previously found that fresh sera from 
monkeys infected with trichina would form 
a precipitate around the cercariae of S. man- 
son;( 7 ) .  

The application of this test to studies in 
man remains to be explored. Of some seven 
sera from old but active infections in man 
with S. mansonit or S.  japonicum, only one 
S.  nzansoni serum was positive in a dilution 
of f/x. Jve have not tested any sera from 
humans known to be recently infected. 

Summary. The agglutination of living 
cercariae of Schtistosoma rnansoni by immune 
sera in high dilutions is reportled. This re- 
action which occurs in heat inactivated as 
well as in fresh serum also appears in the 
serum of monkeys recently infected with 
trichina. The agglutinin develops early in 
the acute infections and was absent in four 
of seven chronic schistosome infections. 
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Serological methods in the past have been 
unsatisfactory in the diagnosis of tubercu- 
losis. rZlthough a variety of immunological 
techniques had been employed, consistent re- 
sults from different laboratories wer'e not ob- 
tained. Sera from many patients with active 
tuberculosis failed to r,eact, and in turn, the 
sera from many normal in~dividuals showed 
positive tests by these techniques. Diffi- 
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culties may have arisen from the lack of a 
suitable antigen of known chemical composi- 
tion which was cqab1.e of reacting with its 
corresponding antibody. These difficulties 
werE for the most part obviated in 1948 
when Middlebrook and Dubos ( 1 ) described 
a specific hemagglutination reaction between 
sheep erythrocytes treated with a water solu- 
ble fraction (rich in polysaccharide) of mam- 
malian tubercle bacilli and the sera of tuber- 

~~~ 

1. Middlebrook, G., aiicl D U ~ O S ,  R. J., J .  Exp.  
,Wed., 1948, v88, 521. 



HEMAGGLUTINATION REACTION IN TUBERCULOSIS 73 

culous patiects. Because of the difficulty 
in prleparing large quantities of the polysac- 
charide antigen, it became desirable to find 
a more easily available supply of antigenic 
material for a large scale application of this 
reaction. The studies of earlier wopkers( 2,3) 
s u g p t e d  the applicability of old tuberculin 
as an antigen in tuberculosis serological re- 
actions. One pre,paration of old tuberculin, 
Gilliland 0. T .  (Wyeth), was found by 
Middlebrook and Dubos( 1) to be effective in 
sensitizing sheep erythrlocytes. Scott and 
Smith(4) have also recently reported, the use 
of anothfer preparation, old tuberculin 
(Lederle), as a suitable antigen for the 
hemagglutination test. Of several old tuber- 
culins tested, we notedl olld tuberculin con- 
centrated approximately 4 times its normal 
strength, prepared by Lederle Laboratories, 
to be an excellent antigenic substance and it 
was therefore used in the studies herein re- 
ported. 

Materials and methods.  The preparation 
of the materials and the technique of the 
hemagglutination test were the same as de- 
scribed by Middlebrook anld Dubos ( 1 ) with 
the exception of the following points: (a) 
Instead of the polysaccharide extralct of 
tubercle bacilli, the antigen used for sensitiza- 
tion of the sheep erythrocytes consisted of 
concentrated old tuberculin (Lederle) t di- 
luted 1: 12 in physiological saline with p H  
adjusted to 6.3-7.01 by addition of dilute 
NaOH. ( b )  In  the absorption of serum with 
untreated sheep red cells to remove anti- 
blodies unrelated to tuberculous infection, it 
was found that a singlle absorption of 2 cc 
of 1:2 dilution of inactivated serum with 0.2 
cc of packed, washed, untreated sheep red 
cells in a water bath a t  37°C for 30 minutes 
was sufficient. (c) Hyperimmune rabbit 
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serum was employed as a positive control for 
the antigen-sensitized sheep cells. This 
serum was prepared by the intravenous in- 
jection of 1 cc of heat-killed bovine tubercle 
bacilli (Ravenel) biweekly for 4 weeks. The 
bacilli were grown fsor 10 days in Tween- 
albumin media (5,6) a t  3 7 'C ,  centrifuged, re- 
suspended in saline and heat-killed at 60°C 
for 45 minutes. The  rabbit serum was in- 
activated and absorbed in the same manner 
as the pati'ents' test sera. The  human sera 
to be tested were obtained from in-patients, 
out-patients, and donors to the blood bank 
of the Montefiore Hospital and the Monte- 
fiore Country Sanatorium. Additional sera 
were supplied through the kindness of physi- 
cians on the staff of the Division of Pulmon- 
ary Diseases of this hospital. Sera from 
patients with syphilis all gave strongly posi- 
tive Wassermann reactions and were made 
available by Dr. Widelock of the Serological 
Lab'oratories of the New York City Depart- 
ment of Health. As far as could he ascer- 
tained skin tests with old tuberculin or any 
of its products were not performed on patients 
with active pulmonary tuberculosis. 

Results. Results of the hemagglutination 
tests for tub'erculous antibodies in the sera 
of normal adults, of patients with syphilis, 
and of patients with non-tuberculous diseases 
of the chlest are summarized in Table I. The 
sera from patients with syphilis were included 
because in the past such sera often gave 
heterologous reactions with the complement 
fixation test in tuberculosis. Of sera from 
110 normal adults, 105 contained no anti- 
bodies, 4 had titers of 1:2 and one a titer 
of 1:4. From the sera of 106 patients with 
non-tuberculous diseases, 98 gave a negative 
reaction and 8 showed reactions in serum 
dilution of 1:2. Thus in this control series 
of 216 sera, there were 203 with no reactions; 
1 2  with a reaction of 1:2; and one with a 
reaction in 1:4 dilution of the serum. 

I n  contrast, the results of testing the sera 
of patients with active tuberculosis, presented 
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TABLE I. 
Hemagglutination Tests of 8era from Normal Adults and Patients with Non-tuberculous 

Diseases. 

Antibody titer 
I \ 

Diagnosis NO. No reaction 1 : 2 1:4 

N,ormal adults 
Syphilis 
B r onchiogenic car cinoma 
Metastatic lung cancer 
Br onchiectasis 
Lung abscess 
Primary atypical pneumonia 
Boeck’s sarcoid 
Malignant lymphoma 
Pneumoconiosis 

Totals 

110 
25 
15 
15 
15 
10 
8 
8 
8 
2 

216 
- 

105 
23 
15 
1 4  
1 4  
10 
8 
6 
6 
2 

203 

TABLE 11. 
Hemagglutination Tests of Sera from 201 Patients with Active or Apparently &red Tuber- 

culosis. 

Positive Antibody titer 
No. of K F =  r \ 

Lesion patients X o .  % L’owest Average Highest 

Pulmonary : Minimal 32 

Renal o r  bone s 

Pulmonary: Apparently cured 33 

9 ’  Moderately advanced 66 
Far  advanced 60 2 2  

- 
Total with active disease 168 

30 93.7 1:8 1:16 1:64 
60 88.2 1:8 1:32 1:512 
57 95.0 1:8 1:32 1:256 

8 100.0 l:E 1:64 1:256 - -  
155 92.3 

2 1 :2  1 :2  1 : 2  

in Table 11. demonstrated a high degree of 
activity. Of 168 patients with active tuber- 
culosis, indicated by the demonstration of 
tubercle bacilli on staining or on positive 
culture from the sputa, gastric contents, urine 
or biopsy specimen, 155 or 92.3% showed 
positive reactions in titers of 1:8 to 1:512. 
I t  is noteworthy that some negative reactions 
occurred, with sera from patients with mini- 
mal, moderately, and far advanced pulmonary 
tuberculosis. In Table I1 am also presented 
the results of tests of sera from 33 individuals 
who have been in good health for at  least 
the past 7 years, but at  one time did have 
active pulmonary tuberculosis. Two sera 
from this group showed reactions in 1 :2  dilu- 
tion, whereas 31 revealed no reactions. This 
observation suggests that the presence of 
these antibodies is in some way related to 
the activity of the disease. 

From a group of 120 tuberculous patients 
whose sera have been tested in series a t  
monthly intervals, it has been noted that 

in 10 the antibodies are no longer detectable 
by this technique. Thzir disappearance has 
been correlated with absence of disease ac- 
tivity and failure to demonstrate tubercle 
bacilli in the sputa or gastric contoents on 
smear or culture, Additional evidence is thus 
provided that there is a relationship between 
disease activity and significantly positive re- 
actions in this test. Details of this phase of 
the study will be described in a subsequent 
report. 

Comment. The data presented confirm 
and extend the observations of Middllebrook 
and Dubos ( 1 ) on the specific agglutination 
of sheep erythrocytes sensitized with antigen 
from tubercle bacilli by sera of tuberculous 
patients. Other workers(4,7,8) have also re- 
cently reported successful use of this method 
in serological studies of tuberculosis. This 
hemagglutination reaction has become more 
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practical with the d,emonstration that con- 
centrated old tuberculin (Lederle) can be 
substituted as the antigen for sensitization 
of sheep erythrocytes instead of the polysac- 
charide fraction previously described>( 1). The 
hseat stable polysaccharide fraction isolated 
from mammalian tubercle bacilli is un- 
doubtedly contain'ed in the old tuberculin 
preparation. Heterologous reactions were 
noted in approximately 6% of sera from 
non-tuberculous patients or normal adults in 
the present series, but these reactions are of 
lower titer than those obtained from patients 
with active tuberculosis. Because of the 
cross reactions, it appears probable that only 
titers of 1:8 or higher are indicative of tuber- 
culous inflection. The potential value of the 
test is suggested by the fact that 92% of 
tuberculous patients' sera showed positive re- 
actions in titers of 1:8 or higher, whereas in 
a precipitin tlest for carbohydrate antibodies 
in human tuberculosis recently reported, 50% 
positive reactions were foundl( 9).  

From these observations it seems that this 

h'emagglutination test apparently not only 
providres a valuable diagnostic tool, but un- 
like the tuberculin skin test, appears to indi- 
cate the presence of tuberculous activity and 
therein liles its greatest value. 

Summary. The sera of 216 normal adults 
and pa tien ts with syphilis or non-tuberculous 
chest diseaw were tested for tuberculous 
antibodies by th'e hema'gglutination reaction : 
203 showed no reactions; 12 had positive re- 
actions in serum dilution of 1:2;  and one in 
dilution of 1:4. The sera of 168 patients 
with activ,e tuberculosis showed 92% posi- 
tive reactions in dilutions ranging from 1 : s  
to 1:512.  Stera from 33 apparently cured 
tuberculous individuals revealed no reactions 
in 3 1, and positive reactions in 2 in a serum 
dilution of 1 : 2. This hemagglutination re- 
action is apparently a relatively specific test 
for active tuberculosis. 

9. Choueroun, N., Ant. Rev. Tuberc., 1949, ~ 5 9 ,  
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Toxic extracts have been prepared from 
Nemopkilus pertussis by a variety of meth- 
ods( 1-9). Pertussal toxin is lethal for mice, 
guinea pigs and rabbits and is derrnonecrotic. 
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I t  is heat-labile, easily detoxified by formal- 
dehyde, and antigenic. Rabbit pertussal 
antitoxilc sera will neutralize the toxin in 
lmultiple proportions and ind,uce passive im- 
munity in guinlea pigs( 10) and in rabbits and 
mice ( 1 1 ) . The purpose of this investigation 
is to report (methods for the extraction and 
separation of pertussal toxin from a variant 
toxin-producing strain of H .  pertussis. The 
toxin can Ibe extracted from dried H .  per- 
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